The take-off is often considered the most significant and difficult phase of a ski jump. Thus, the purpose of this study 
Introduction
Ski jumping belongs to the sports disciplines for which complicated and multiple factors (e.g., explosive take-off strength, suitable somatic parameters for optimal effect of the aerodynamic forces in the flight phase) can optimize performance. In early biomechanical studies, a ski jump was divided into three basic phases: in-run, take-off, and flight (Baumann, 1979; Komi et al., 1974; Vaverka, 1987) . With the development of theoretical knowledge and quality of measurement technology, attention also has been paid to the early flight, i.e. the transition between the take-off and flight of the jump.
Although each phase of a ski jump is important for an excellent performance, most research considers the take-off to be the key phase of the ski jump (Schwameder, 2008) . The kinematic and kinetic patterns of the take-off of a ski jump have been quantified and analyzed by several authors (Janura et al., 2001; Kaps et al., 1997; Vaverka et al., 1996; Virmavirta, 2000; Virmavirta & Komi, 1989; Virmavirta et al., 2001 ).
During take-off, the competitor produces the largest force within the shortest period of time.
The "fast take-off movement" (vertical take-off velocity, maximal knee angular velocity) is necessary for the execution of a long distance jump (Schwameder, 1993) . From the factor analysis of variables that determine the technique of take-off in ski jumping ensues, that the criteria variables influencing the length of jumps were mainly associated with the in-run velocity and the vertical take-off velocity; the accuracy of take-off affects the length of the jumps only indirectly and latently (Vodicar & Jost, 2010) .
Two other multivariate parameters are also important predictors of a jump's quality -a larger forward rotating angular momentum at take-off and a smaller angle between the body and the skis approximately 20 meters beyond the edge of the ramp (Brüggemann et al., 2002; Schwameder & Müller, 1995) . At the end of this phase, the ski jumper has attained forward-rotating-body angular (somersault) momentum, which serves to retain the necessary velocity and the best initial conditions for execution of the early flight position. This angular momentum is created by an optimal balance between ballistic and aerodynamic take-off parameters . Analysis of early flight at the 1994
Lillehammer Winter Games indicated that less than 15% of the variance in total performance (distance jumped) could be explained by centre of mass (CoM) parameters at take-off (Arndt et al., 1995) . Observation of ski jump competitors is used to determine parameters that influence the length of the jump. For this reason, observations are often aimed at the take-off phase of the best ski jumpers (Virmavirta & Komi, 1994) .
The complexity of the structure of movement results in high individual variability with respect to the execution of the basic ski jumping phases.
Such variability can occur not only between performance groups but also within the groups (Janura et al., 2007; Vaverka et al., 1997; Virmavirta et al., 2005) . Any p-value less than .05 was deemed significant. 
Results
The values of the measured parameters are presented in Table 1 . Figure 3 presents a graphic comparison of the E and P groups for three locations -2 m in front of the edge, on the edge, and 5 m behind the edge of the jumping hill. There also was a difference in the thigh position at 2 m in front of the edge between groups E and M. Specifically, the angle of the thigh relative to horizontal was significantly larger (p  .05) in group M than in group E.
Figure 3 Graphic comparison of elite and poor quality jumpers at selected points of the analyzed section
We found a significant difference in a tendency of practical importance for the position of the thigh at 5 m behind the jumping hill edge between groups P and M. The thigh angle to horizontal in this position was significantly larger for group P than for group M (p  .05). This was also shown in a forward movement of the thigh, for which the mean value of the movement in group M was larger than that of group P (p  .01). Ski jumpers with similar performance levels exhibited different take-off techniques. Figure 6 depicts a comparison of the angular changes for the trunk and shank positions for three ski jumpers (group E). For these ski jumpers, jump length ranged from 128.5 to 130.5 m.
Discussion
The group of jumpers with a short length of the jump (P) was significantly slower in the in-run velocity than were the two remaining groups of horizontal velocity .
Therefore, the anterior shift of the body found in the E group does not result in an increase in the angle joint value in the upper body. The findings
for groups E and P in the current study are similar to those of Janura et al. (2001) solutions for particular ski jumpers Vaverka, 2001 ).
In the current study, measurements of the joint angle were made with respect to horizontal. There were several limitations to the study.
In practice, we do not encounter championships (competition round) with constant external conditions. The wind factor varied from 0.3-2.5 m/s, but a comparison of particular long-term performance levels of the jumpers and their classification in groups shows that the differential impact of wind among groups was not statistically significant for this division.
Further research should utilize the set of all measured kinematic parameters together with the internal preconditions of the ski jumpers (e.g., various anthropometric segment parameters, movement abilities and morphological entries).
